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FOREWORD 


Essential  to  an  understanding  of  the  results  of  aircraft  testing 
is  an  understanding  of  the  differences  between  engineering  and  service 
testing. 

Engineering  testing,  using  instrumented  aircraft  and  calibrated 
instruments,  can  determine  and  record  the  exact  performance,  control 
response  and  limits,  engine  performance  and  power  available,  through 
accurate  measurements  and  reduction  of  data  to  standard  conditions. 

Thus,  it  is  possible  to  determine  when  an  aircraft  is  approaching  or 
exceeding  design  limits  or  other  specified  criteria. 

Service  testing,  using  aircraft  in  standard  configuration,  results 
in  a  qualitative  evaluation  for  user-type  information.  This  informa¬ 
tion  is  based  on  a  broad  scope  of  pilot  experience  and  technique  pro¬ 
vided  by  pilots  ranging  from  those  recently  out  of  school  to  those  with 
considerable  field  operational  experience.  The  installed  instruments 
and  gauges  arc  used  to  determine  significant  operating  data.  These 
instruments  arc  not  usually  calibrated  but  represent  typical  instru¬ 
ments  found  in  production  helicopters.  These  instruments  and  gauges 
are  verified  for  accuracy  within  acceptable  tolerances  but  do  not  attain 
the  precision  provided  by  the  calibrated  equipment  used  for  engineering 
testing. 

The  service  test-pilot  makes  qualitative  observations  on  only  what 
he  experiences  during  normal  service  flying.  These  observations  arc 
not  correlated  to  such  factors  as  the  margin  of  control  remaining  or 
exact  rates  of  control  response.  Exact  measurements  of  such  factors 
are  necessarily  the  responsibility  of  the  engineering  test  agency. 

Thus,  service  testing  may  show  that  the  aircraft  is  suitable  for  per¬ 
forming  a  mission  when,  actually,  flight  has  been  performed  close  to, 
or  within,  control  margins  specified  by  military  specifications.  What 
may  appear  to  be  discrepancies  between  service  and  engineering  test 
reports  is  actually  the  difference  between  qualitative  and  quantitative 
reporting. 

The  Light  Observation  Helicopter  evaluation  is  the  first  combined 
aircraft  engineering  and  service  test  program  that  has  resulted  in  co¬ 
ordination  of  reports  and  comparison  of  reports  prior  to  procurement 
decision.  Caution  must  be  exercised,  therefore,  to  preclude  taking  an 
item  out  of  context  in  any  one  report  to  establish  a  particular  position. 
Seeming  inconsistencies  can  be  reconciled  only  by  examination  of  all 
reports  with  due  regard  to  the  specific  conditions  under  which  the  test 
was  accomplished. 
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ABSTRACT 


Performance  flight  tests  were  conducted  on  the  0H-4A  to  determine 
the  compliance  witli  the  Light  Observation  Helicopter  (LOH'  Military 
Characteristics  and  to  check  the  contractual  guarantees  outlined  in  the 
0H-4A  Model  Specification. _ _ 


- -  -  V7 

The  U.  S.  Army  AviatiotXlcst  Activity  (USAATA)  ,  Edwards  Air  Force 
Base,  California,  was  design;\cd  Executive  Test  Agency  for  the  confirm¬ 
atory  engineering  tests  in  the  LOH  Program  and  is  responsible  for  test 
execution  and  test  leporting  of  its  assigned  phase. 

Lr.ginccring  flight  tests  were  conducted  by  the  U.  S.  Army  Aviation 
Test  Activity  at  Edward*.  Air  Force  Base,  California,  and  at  auxiliary 
test  sites  at  Bakersfield  and  Bishop,  California.  A  total  of  121 
flights  were  conducted  for  73:45  productive  flight  hours.  These  tests 
were  accomplished  during  the  period  of  13  March  to  30  June  1964. 

All  Model  Specification  performance  guarantees  and  requirements 
stated  in  the  LOh  Military  Characteristics  were  evaluated  using  power 
available  and  fuel  flow  characteristics  as  defined  in  Engine  Model 
Specification  No.  5S0-A. 

The  0H-4A  met  the  contractual  performance  guarantee  for  maximum 
airspeed. 

The  0H-4A  did  not  fleet  the  contractual  performance  guarantees  for 
endurance  or  for  35  degrees  centigrade  (C)  out-of-ground  effect  (OGE) 
hovering  ceiling. 

The  OH-4 A  met  the  Military  Characteristic  requirement  for  3  hours 
endurance  with  a  400  pound  payload. 

The  OH-4A  did  not  meet  the  Military  Characteristics  requirements 
for  cruise  speed,  endurance  at  85  percent  cruise  power,  OCE  hot  day 
hover  performance  at  6000  feet  or  0GE  hover  performance  at  overload 
gross  weight,  sea  level  standard  day. 

The  0H-4A  performance  was  summarized  using  power  available  as 
defined  by  Engine  Model  Specification  No.  580-E. 

Takeoff  performance  was  satisfactory  for  all  conditions  that  allowed 
a  hovering  skid  height  of  2  feet  or  more.  Hovering  performance  was  sat¬ 
isfactory  at  low  altitude  standard  day  conditions  but  deteriorated  rap¬ 
idly  with  increasing  ambient  temperature  and  increasing  altitude.  Climb 
and  autorotation  performance  was  satisfactory  for  a  helicopter  of  this 
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power  and  weight  class.  Blade  stall  was  not  encountered.  Vibration 
levels  were  exceptionally  low. 

This  program  was  essentially  an  airframe  evaluation,  but  a  section 
has  teen  incorporated  into  Appendix  I  I  in  order  to  describe  pertinent 
characteristics  of  the  T03-A-S  engine. 
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SECTION  1 


GENERAL 


1.1  REFERENCES 

See  Part  I,  Section  1,  References  a.  to  j.  inclusive,  and  the 
following  additional  references: 

k.  Preliminary  Report,  "Flight  Evaluation  of  the  T-63-A-5  Gas 
Turbine  Engine  Installed  in  the  UII-13R  Helicopter,"  USATECOM  Project 
No.  4-4-0240-02,  U.  S.  Army  Aviation  Test  Activity,  January  1964. 

l.  .lodel  Specification,  Light  Observation  Helicopter,  OII-4, 

15  September  1961;  Revision  No,  1,  8  December  1961. 

m.  Model  Specification  No.  580-A,  Model  T63-A  Engine,  12  Dec¬ 
ember  1960. 

n.  Model  Specification  No.  580-E,  Model  T63-A-5  Engine,  24  June 

1963. 

o.  Letter,  SMOSM-PAI A- 2 ,  Headquarters,  U.  S.  Army  Aviation 
Materiel  Command,  4  April  1964,  subject:  "Compliance  Check  of  Manu¬ 
facturer's  Guaranteed  Performance  and  Competitive  Performance  Eval¬ 
uation." 


p.  Final  Report  of  "0I1-13H  Gross  Weight  Increase/XM- 1  Armament 
Kit  Performance  Test,"  U.  S.  Army  Aviation  Test  Activity,  June  1963. 

1.2  AUTHORITY 


See  Part  I,  Section  1. 

1.3  OBJECTIVES 


The  objective  of  this  program  was  to  conduct  engineering  perform¬ 
ance  flight  tests  of  the  Light  Observation  Helicopter  (LOH)  Prototype 
0II-4A  to  (a)  confirm  contractor  compliance  with  the  approved  Army  Mili¬ 
tary  Characteristics  for  an  unarmed  (clean)  and  armed  0H-4A  helicopter; 
(b)  provide  data  to  assist  in  selecting  an  LOH  design  for  possible 
future  production;  and  (c)  determine  if  the  contractor  performance 
guarantees  were  met. 

1.4  RESPONSIBILITIES 

— 

See  Part  I,  Section  1. 
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1.5  DESCRIPTION  OF  MATERIEL 


Sec  Part  1,  Section  1;  Part  I,  Section  3,  Appendix  11;  and  Part  II, 
Section  3,  Appendix  11. 

1.6  BACKGROUND 


See  Part  1,  Section  1. 

1.7  FINDINGS 


The  takeoff  performance  of  the  0II-4A  was  satisfactory  for  all 
gross  weights  and  ambient  atmospheric  conditions  that  allowed  a  hover¬ 
ing  skid  height  of  2  feet.  Under  conditions  that  allowed  a  hovering 
skid  height  of  approximately  2  to  2-1/2  feet,  the  minimum  distance  to 
clear  a  50  foot  obstacle  was  produced  by  a  "level  acceleration  from  a 
2  foot  hover"  takeoff  technique.  Under  conditions  that  allowed  a 
hovering  skid  height  greater  than  2-1/2  feet,  shorter  takeoff  distances 
were  obtained  using  a  simultaneous  "climb  and  accelerate  from  light  on 
skids"  technique.  Greater  pilot  proficiency  was  required  to  execute 
the  "climb  and  accelerate"  technique  with  consistent  results.  Engine 
rpm  governing  deficiencies  required  that  the  pilot  monitor  engine 
operation  closely  during  takeoffs  while  using  either  technique. 

Hovering  performance  was  adequate  based  on  power  data  obtained 
from  the  T63-A-5  Model  Specification  580-E  at  lower  altitudes  on  a 
standard  day.  Performance  deteriorated  rapidly  with  increasing  ambient 
temperature  and  altitude.  Based  on  power  data  from  the  T63-A  Model 
Specification  S80-A,  the  hot  day  (»3S  degrees  centigrade  (C)),  normal 
gross  weight  hovering  performance  guarantee  was  not  met.  The  out-of- 
ground  effect  (OGE)  hovering  ceiling  guaranteed  was  4300  feet  *  10 
percent.  The  actual  OGE  hovering  ceiling  at  the  gross  weight  and  am¬ 
bient  conditions  specified  was  825  feet  pressure  altitude.  The  Military 
Characteristics,  Light  Observation  Aircraft  (See  Part  I,  Section  1, 
paragraph  1.1a)  required  an  OGE  hovering  ceiling  of  6000  feet  pressure 
altitude  on  a  35  degree  C  day  at  normal  gross  weight  (2573  pounds). 

The  maximum  gross  weight  at  which  the  OH-4A  could  hover  OGE  at  these 
ambient  conditions  was  2085  pounds.  The  Military  Characteristics  also 
required  OGF.  hover  at  sea  level  on  a  standard  day  at  overload  gross 
weight  (2900  pounds).  The  maximum  gross  weight  at  which  the  0H-4A 
would  hover  OGE  at  sea  level  on  a  standard  day  was  2730  pounds. 

The  performance  guarantees  and  Military  Characteristics  require¬ 
ments  were  based  on  power  available  as  defined  in  Engine  Model  Specifi¬ 
cation  580-A.  The  hovering  performance  summaries  were  based  on  Engine 
Model  Specification  580-E.  This  revised  model  specification  results 
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in  better  standard  day  performance  below  critical  altitude  due  to  a 
higher  torque  limit  but  more  -apid  deterioration  of  power  available 
with  increasing  ambient  temperature.  The  overload  gross  weight  (2900 
pounds)  OGE  hovering  ceiling  was  2200  feet  on  a  standard  day.  The 
maximum  gross  weight  for  hovering  OGE  on  a  35  degree  C  day  at  6000 
feet  was  1986  pounds.  The  OH-4A  would  not  hover  OGE  at  sea  level  on 
a  35  dogrec  C  day  at  normal  gross  weight  (2573  pounds). 

The  climb  performance  of  the  CH-4A  was  satisfactory.  Kith  a  climb 
start  gross  weight  of  2573  pounds  at  sea  level,  the  service  ceiling  was 
20,150  feet  on  a  standard  day.  Sea  level  rate  of  climb  was  1100  feet 
per  minute  at  maximum  continuous  power  and  1550  feet  per  minute  at 
takeoff  power.  With  a  climb  start  gross  weight  of  2900  pounds  at  sea 
level,  the  service  ceiling  was  15,600  feet  on  a  standard  day.  Sea 
level  rate  of  climb  was  810  feet  per  minute  at  maximum  continuous  power 
and  1250  feet  per  minute  at  takeoff  power. 

During  level  flight,  the  maximum  airspeed  performance  guarantee  was 
met.  The  maximum  airspeed  guaranteed  was  100  knots  -  10  percent  at 
normal  gross  woight  (2573  pounds)  on  a  sea  level  standard  day  at  maximum 
continuous  power.  Based  on  Engine  Model  Specification  S80-A,  the 
maximum  true  airspeed  (TAS)  was  96.5  knots  at  these  conditions.  The 
Military  Characteristics,  Light  Observation  Aircraft,  required  110  knots 
at  the  same  conditions.  This  requirement  was  not  net  by  a  margin  of 
approximately  12.3  percent.  The  guaranteed  endurance  mission  of  3.0 
hours  -  10  percent  was  not  met  by  a  margin  of  approximately  0.37  hours 
(13.6  percent).  The  Military  Characteristics  required  a  400  pound  pay- 
load  to  be  carried  for  3  hours.  At  the  airspeed  for  minimum  power  re¬ 
quired  in  level  flight,  this  requirement  was  met  by  a  margin  of  approx¬ 
imately  0.18  hours  (6  percent).  The  Military  Characteristics  also  re¬ 
quired  3  hours  endurance  at  85  percent  cruise  power.  This  requirement 
was  not  net  by  a  margin  of  approximately  0.45  hours  (15  percent). 

The  equivalent  flat  plate  area  of  the  XM-7  armament  system  was  found 
to  be  2.46  squaro  feet  and  that  of  the  XM-8  was  1.57  square  feet.  This 
reduced  the  sea  level  stf^dard  day  at  normal  gross  weight  maximum  speed 
from  111.5  KTAS  to  105  KTAS  with  the  XM-7  and  to  107.5  KTAS  with  the 
XM-S  at  takeoff  power  available  as  defined  by  Model  Specification  No, 
S80-E.  Center  of  gravity  (C.G,)  did  not  significantly  affect  level 
flight  performance.  Maximum  airspeed  was  generally  limited  by  power 
available  at  lower  altitudes  and  by  the  "never  exceed"  (Vnc)  airspeed 
from  the  Fedoral  Aviation  Agency  Type  Inspection  Authorization  (FAA  TIA) 
(See  Part  I,  Section  1,  paragraph  1.1. g)  at  higher  altitudes. 

Vibration  levels  were  exceptionally  low  and  blade  stall  or  rotor 
compressibility  effects  were  not  encountered. 

While  changing  collective  pitch  control  settings,  the  pilot  had 
to  monitor  rotor  speed  and  use  the  "beep"  switch  to  maintain  a  desired 
rpm. 
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Autorotational  descent  performance  was  satisfactory  and  typical 
for  a  hcli:optcr  the  size  and  weight  of  the  01 1 - 4 A .  The  minimum  rate 
of  descent  was  1495  feet  per  minute.  This  was  obtained  at  48.0  knots 
calibrated  airspeed  (KCAS)  and  the  minimum  power-off  rotor  speed  of 
374  rpm. 

1.8  CONCLUSIONS 
None . 

1.9  RECOMMENDATIONS 


None. 
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SbCTION  2 


DETAILS  AND  RESULTS  OF  SUB-TESTS 


2.0  INTRODUCTION 


Performance  flight  tests  on  the  0H-4A  Light  Observation  Helicopter 
were  conducted  by  the  U.  S.  Army  Aviation  Test  Activity  at  Edwards  Air 
Force  Base,  California.  Sea  levol  and  high  altitude  testing  was  accom¬ 
plished  at  Bakersfield  and  Bishop,  California,  where  altitudes  from 
sea  level  to  9500  feet  and  a  wide  range  of  ambient  temperatures  were 
available.  A  total  of  121  flights  were  conducted  for  73:45  productive 
flight  hours.  The  tests  were  accomplished  during  the  calendar  period 
of  13  March  1904  to  1  July  1964. 

Level  flight  performance  data  were  obtained  at  Edwards  Air  Force 
Base,  and  at  tnc  sea  level  site  at  Bakersfield,  California.  Climb  per¬ 
formance  data  were  obtained  entirely  at  Bakersfield  where  the  climbs 
could  be  initiated  near  sea  level.  Autorotational  descent  performance 
data  were  collected  during  descents  after  completing  other  tests. 
Takeoff  tests  were  accomplished  in  the  Bishop,  California  area  where 
pressure  altitudes  of  4100  feet  (Bishop  Airport)  and  9500  feet  (Coyote 
Flats)  were  available.  Hovering  performance  data  were  collected  at  all 
of  the  test  sites. 

All  tests  were  conducted  in  stabilized  non-turbulcnt  air  so  that 
?ccuratc  performance  data  could  be  obtained.  The  test  data  were  re¬ 
corded  by  hand  from  sensitive  instruments  or  automatically  using  a 
photo  panel. 

Power  available  and  fuel  flow  as  specified  in  the  T63-A  Engine 
Model  Specification  580-A  were  used  to  check  the  contractual  guarantees 
and  the  desired  performance  as  defined  in  "Military  Characteristics, 
Light  Observation  Aircraft"  (See  Part  I,  Section  1,  paragraph  1.1a) 
for  hovering,  maximum  airspeed  and  endurance. 

Summary  performance  was  obtained  using  power  available  and  fuel 
flow  information  based  on  the  T63-A-5  engine  referred  characteristics 
as  defined  by  model  specification  580-E  on  a  sea  level  standard  day. 
Engine  performance  at  the  6000  foot  altitude,  95  degree  Fahrenheit  (F) 
ambient  temperature  and  all  other  altitude  temperature  combinations 
were  obtained  from  curves  of  standard  power  deterioration  with  in¬ 
creasing  altitude  and  temperature.  These  curves  were  derived  using 
standard  engineering  methods,  and  were  verified  with  test  stand  engine 
calibration  data  on  five  different  T63-A-S  engines. 
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Using  the  power  available  as  described  above,  it  was  determined 
that  a  T63-A-5  engine,  which  will  produce  the  minimum  580-E  specifi¬ 
cation  sea  level  standard  day  power,  will  not  produce  the  206 
shaft  horsepower  (SUP)  at  6000  feet,  95  degrees  F  as  shown  in  the 
580-E  model  specification.  Such  an  engine  will,  in  fact,  only 
produce  199  SUP  under  this  altitude,  ambient  temperature  condition 
(See  Section  3,  Appendix  II). 

2.1  TAKEOFFS 

2.1.1  OBJECTIVE 

Takeoff  tests  were  conducted  to  determine  the  performance  of  the 
0H-4A  helicopter  under  conditions  in  which  a  vertical  takeoff  could  not 
be  made  to  clear  a  50  foot  obstacle.  Under  these  conditions,  a  short 
acceleration  close  to  the  ground  will  enable  the  aircraft  to  operate 
out  of  relatively  short  fields. 

2.1.2  METHOD 

Takeoff  tests  were  conducted  to  obtain  curves  of  climb-out  air¬ 
speeds  versus  distance  required  to  clear  50  feet.  Each  curve  was 
obtained  by  conducting  a  series  of  takeoffs  using  various  climb-out 
airspeeds.  During  each  series,  ballast  was  added  or  removed  as  nec¬ 
essary  so  as  to  maintain  the  desired  excess  power  available  conditions 
as  fuel  was  consumed  and  ambient  temperature  varied. 

These  tests  were  accomplished  at  two  altitudes  and  several  gross 
weights  to  defino  the  performance  over  as  wide  an  envelope  as  possible. 
Takeoff  performance  was  evaluated  using  two  takeoff  techniques  which 
are  commonly  used  in  the  field.  A  ground  operated  Fairchild  Flight 
Analyzer  was  used  to  produce  a  photographic  record  of  time,  horizontal 
distance  and  vertical  distance  for  each  takeoff. 

The  climb-out  airspeed  range  used  for  each  series  of  takeoffs 
varied  from  the  minimum  achievable  to  maximum  practical  airspeed 
(approximately  50  knots  indicated  airspeed  (KIAS)),  All  takeoffs  were 
performed  in  winds  of  3  knots  or  less.  These  test?;  were  conducted  at 
density  altitudes  of  approximately  5000  to  10,000  feet.  Gross  weight 
was  varied  from  2250  to  2930  pounds  at  the  mid  center-of-gravity  (C.G.) 
location  (Station  102.0).  All  takeoff  tests  were  conducted  with  a 
main  rotor  speed  of  394  rpm  (100  percent  power  turbine  speed  (Ng)  ). 
using  takeoff  power. 

2.1.3  RESULTS 

The  results  of  the  takeoff  performance  tests  are  graphically 
presented  in  Figures  No.  1  through  17,  Section  3,  Appendix  I. 
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2.1.4  ANALYSIS 


a.  Comparative  Techniques 

Two  takeoff  techniques  were  used  during  this  evaluation. 

Each  technique  was  found  to  have  certain  advantages  and  was  preferred 
under  different  circumstances. 

The  first  technique  required  that  sufficient  power  be  applied 
to  maintain  the  helicopter  light  on  its  skids.  This  placed  the  engine 
as  high  as  possible  in  the  power  range  while  maintaining  ground  contact 
with  the  helicopter.  Tins  method  of  power  management  reduced  the  time 
required  to  accelerate  the  engine  to  takeoff  power.  As  takeoff  power 
was  applied  and  the  helicopter  left  the  ground,  a  pitch  attitude  was 
assumed  such  that  the  helicopter  climbed  and  accelerated  simultaneously 
and  reached  the  desired  airspeed  while  passing  through  a  height  of  50 
feet  above  the  ground.  This  technique  is  referred  to  as  the  "simultan¬ 
eous  climb  accelerate  from  light  on  skids"  technique. 

This  technique  produced  shorter  takeoff  distances  at  condi¬ 
tions  of  higher  values  of  excess  power  (equivalent  hovering  skid 
heights  of  2-1/2  feet  or  more).  In  addition,  tho  technique  had  several 
other  inherent  advantages.  A  flight  path  clear  of  intermediate  ob¬ 
stacles  was  not  required.  Because  of  the  terrain  avoidance  features  of 
this  technique,  the  pilot  was  able  to  monitor  more  closely  the  aircraft 
instruments,  especially  with  regard  to  maintaining  maximum  engine  power 
output  and  proper  rotor  speed. 

One  disadvantage  of  this  technique  was  that  considerable 
pilot  proficiency  was  required  to  use  it  with  precision.  Attaining  the 
desired  airspeed  at  a  50  foot  skid  height  was  entirely  dependent  upon 
pilot  judgment  and  skill  in  assuming  the  proper  initial  attitude  at 
lift-off.  An  additional  disadvantage  was  that  the  helicopter  was 
within  the  "avoid"  area  of  the  height-velocity  curve  very  early  in  the 
takeoff  maneuver. 

The  second  takeoff  technique  was  initiated  from  a  2  foot 
hovering  skid  height.  As  power  was  applied,  the  helicopter  was  accel¬ 
erated  at  a  constant  2  foot  skid  height  until  approximately  3  knots 
before  the  desired  climb-out  airspeed  was  attained.  The  helicopter  was 
then  rotated  to  the  proper  attitude  and  allowed  to  climb  out  at  the 
desired  airspeed.  When  using  this  technique  with  a  large  amount  of 
excess  power,  pronounced  nose-down  attitudes  were  required  in  order  to 
maintain  a  constant  skid  height  throughout  the  acceleration  to  climb- 
out  airspeed.  When  there  was  very  little  excess  power  available,  the 
helicopter  had  a  tendency  to  lose  height  when  passing  through  transla¬ 
tion.  If  the  helicopter  were  allowed  to  contact  the  ground,  accelera¬ 
tion  decreased  and  the  takeoff  distance  increased. 
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Acceleration  through  translation  was  accomplished  as  rapidly 
as  possible.  Practice  was  required  to  achieve  the  maximum  acceleration 
attainable  for  the  various  amounts  of  excess  power  available  during  tire 
tests. 


At  large  values  of  excess  power  available,  equivalent  to 
hovering  skid  heights  of  2-1/2  feet  or  more,  the  minimum  takcott  dis¬ 
tances  were  obtained  using  the  "simultaneous  climb  and  accelerate  from 
light  on  skids"  technique.  The  following  plot  indicates  that  the 
"level  acceleration  from  a  2  foot  hover"  technique  may  produce  shorter 
takeoff  distances  under  some  conditions.  At  high  values  of  excess 
power,  however,  the  airspeed  for  minimum  takeoff  distance  was  lower  for 
the  "simultaneous  climb  and  accelerate  from  light  on  skids"  technique, 
and  shorter  overall  distances  were  required. 
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Data  were  not  collected  for  the  "climb  and  accelerate"  tech¬ 
nique  under  conditions  of  low  excess  power  (equivalent  hovering  skid 
height  of  approximately  3  feet  or  less)  and  low  climb-out-airspeeds 
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(less  than  15  knots).  Program  termination  dates  and  the  available 
atmospheric  conditions  for  testing  precluded  gathering  these  data. 
There  was  a  minimum  value  of  excess  power  below  which  this  technique 
wouid  have  no  longer  been  optimum  or  even  practical.  Lxtrapolation 
of  the  data  in  tho  preceding  plot  indicated  that  this  point  in  excess 
power  was  at  an  equivalent  hovering  skid  height  of  approximately  2-1/2 
feet.  At  lower  values  of  excess  power  than  approximately  2-1/2  feet 
equivalent  hovering  skid  height,  ground  effect  was  required  in  order 
to  accelerate  through  translation  to  the  desired  climb-out  airspeed, 
and  translational  lift  was  necessary  before  climb-out  could  be  accom¬ 
plished. 


b.  Flight  Characteristics 

The  flight  characteristics  of  the  0H-4A  during  takeoff  were, 
in  general,  satisfactory  for  achieving  optimum  takeoff  performance. 

The  static  longitudinal  stability  and  good  controllability  about  all 
axes  permitted  proper  attitude  control.  Control  of  aircraft  attitude 
along  with  proper  power  management  was  vital  to  achieving  consistent 
maximum  takeoff  performance.  The  importance  of  attitude  control  is 
emphasized  because  the  shortest  horizontal  distances  required  to  clear 
a  50  foot  obstacle  were  achieved  at  airspeeds  lower  than  that  at  which 
the  standard  aircraft's  airspeed  system  became  effective,  i.e.,  less 
than  25  knots  true  airspeed  (KTAS).  The  takeoff  airspeed  and  the 
resulting  performance  were,  therefore,  entirely  dependent  upon  pilot  1 
judgment  and  proficiency.  It  should  be  noted  that  the  takeoff  perform¬ 
ance  presented  in  this  report  can  only  be  obtained  by  a  proficient  pilot. 

Translation  to  forward  flight  was  comparatively  smooth,  with 
no  abrupt  trim  changes.  At  very  low  excess  power,  some  settling  was 
evident  which  occasionally  resulted  in  ground  contact.  Following  trans¬ 
lation,  the  additional  lift  significantly  increased  the  acceleration  of 
the  helicopter  to  climb-out  airspeed.  For  this  reason,  it  was  important 
to  pass  through  translation  as  rapidly  as  possible  to  obtain  maximum 
performance. 

c.  Power  Management 

Power  management  during  maximum  performance  takeoff  in  the 
011-4A  presented  difficulties  which  were  detrimental  to  the  overall 
takeoff  performance  of  the  helicopter.  An  excessive  amount  of  pilot 
attention  was  required  to  monitor  engine  operation  during  abrupt  power 
changes. 


To  achieve  maximum  takeoff  performance,  it  was  important 
that  the  takeoff  power  limit  be  attained  and  maintained  as  rapidly  and 
accurately  as  possible  following  initiation  of  the  maneuver.  Maintain¬ 
ing  the  maximum  engine  power  output  required  that  the  pilot  continuously 
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make  snail  adjustments  to  the  collective  control  setting  as  the  aero¬ 
dynamic  loading  on  the  main  rotor  varied  in  different  flight  regimes. 
This  was  especially  noticed  while  passing  through  translation.  These 
corrections  in  collective  pitch  caused  the  rotor  speed  to  vary  signif¬ 
icantly  during  a  takeoff  and  from  one  takeoff  to  the  next  under  the 
same  start  conditions  of  power  and  rotor  speed. 

It  was  the  function  of  the  power  turbine  (N->)  governor  and 
the  droop  compensator  cam  to  maintain  a  nearly  constant  rotor  speed 
during  snail  variations  in  power  (collective  control)  settings.  This 
function  was  not  consistently  performed,  so  that  it  was  very  difficult 
to  maintain  a  constant  rotor  speed  throughout  the  takeoff  run.  The 
variation  in  rotor  speed  with  small  power  changes  was  not  consistent 
from  one  takeoff  to  the  next.  The  pilot  could  not  effectively  antici¬ 
pate  and  correct  rotor  speed  changes  with  the  power  turbine  speed 
selector  "beep"  switch.  In  the  course  of  the  takeoff  performance 
testing,  an  occasional  inadvertent  rotor  overspeed  at  the  takeoff  power 
limit  was  encountered  while  attempting  to  maintain  394  (100  percent) 
revolutions  per  minute  (rpm).  (Sec  Section  3,  Appendix  II,  for  a  more 
complete  description  of  fuel  control  operation.) 

During  takeoff  under  conditions  of  large  amounts  of  avail¬ 
able  excess  power,  the  gas  producer  must  accelerate  through  a  consid¬ 
erable  range.  The  response  characteristics  of  the  T63-A-5  engine 
installed  in  the  Oil  - 4  A  were  found  to  be  unsatisfactory.  The  average 
acceleration  time  from  flight  idle  (63  percent  Nj)  to  99.5  percent 
gas  producer  speed  (N^)  was  approximately  5  seconds,  which  is  within 
acceptable  limits.  Ilowovor,  the  initial  acceleration  after  a  rapid 
throttle  application  (throttle  jam)  was  slow,  with  the  acceleration 
rate  increasing  very  rapidly  during  the  last  2  seconds.  This  accel¬ 
eration  characteristic  resulted  in  a  large  increase  in  torque  during 
the  last  second  in  the  acceleration  cycle.  This  was  difficult  for  the 
pilot  to  anticipate  and  to  apply  the  anti-torque  control  necessary  to 
counteract  the  resulting  yawing  motion  of  tho  helicopter. 

2.2  HOVER 

2.2.1  OBJECTIVE 

Hovering  tests  were  conducted  to  determine  hovering  performance 
of  the  0H-4A  helicopter.  Data  from  these  tests  were  used  to  check  com¬ 
pliance  with  the  Military  Characteristics  and  to  determine  if  the 
hovering  contractual  guarantees  were  met. 
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2.2.2  METHOD 


Hovering  performance  data  were  obtained  using  the  "free  flight" 
method,  with  data  being  recorded  at  various  prc-sclcctcd  skid  heights 
l  oth  in-ground  effect  (IGE)  and  out-of-ground  effect  (OGL) .  A  weighted 
cord  of  the  desired  length  was  used  in  conjunction  with  hand  signals 
from  a  ground  observer  to  obtain  precisely  the  desired  skid  height. 

Data  were  recorded  at  stabilized  skid  heights  of  2,  5  and  10  feet  (IGE) 
and  50  feet  (OGE)  in  zero  wind  conditions.  Theso  tests  were  performed 
at  gross  weights  up  to  the  maximum  overload  at  a  mid  centcr-of-gravity 
(C.G.)  location  (Station  102.0)  and  rotor  speed  of  374,  382  and  394 
rpm.  Testing  was  accomplished  at  density  altitudes  from  sea  level  to 
10,300  feet. 

2.2.3  RESULTS 

The  results  of  the  hovering  performance  tests  arc  graphically 
presented  in  Figures  No.  18  through  28,  Section  3,  Appendix  I. 

2.2.4  ANALYSIS 

a.  Guarantee 

The  OU-4A  did  not  meet  the  guaranteed  hovering  performance 
as  shown  on  the  following  plot: 
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The  hovering  performance  guarantee  stated  that  the  OGb  hover¬ 
ing  ceiling  at  normal  gross  weight  (2573  pounds)  with  an  ambient  temp¬ 
erature  of  35  degrees  centigrade  (C)  (95  degrees  Fahrenheit  (F))  would 
be  4300  feet  pressure  altitude,  +.  10  percent.  Power  available  was 
defined  by  Model  Specification  580-A,  with  installation  losses  as  meas¬ 
ured  during  this  evaluation. 

The  maximum  gross  weight  at  which  the  0H-4A  could  hover  OGE 
at  4300  feet  pressure  altitude  on  a  35  degree  C  day  was  2234  pounds. 

The  actual  hovering  ceiling  under  the  conditions  of  the  hovering  per¬ 
formance  guarantee  was  at  a  pressure  altitude  of  825  feet. 

The  Military  Characteristics ,  Light  Observation  Aircraft 
(See  Part  I,  Section  1,  paragraph  1.1a)  required  that  the  normal  gross 
weight  2573  pounds)  OGE  hovering  ceiling  on  a  35  degree  C  day  be  6000 
feet  pressure  altitude.  The  maximum  gross  weight  at  which  the  01I-4A 
could  hover  OGE  at  6000  feet  on  a  35  degree  C  day  was  2085  pounds. 

The  Military  Characteristics  also  required  an  OGE  hovering 
capability  at  overload  gross  weight  (2900  pounds)  at  sea  level  on  a 
standard  day.  This  requirement  was  not  met  using  power  available  (250 
StiP)  as  defined  by  Model  Specification  580-A.  The  maximum  gross  weight 
at  which  the  0H-4A  could  hover  OGE  on  a  standard  day  at  sea  level  was 
2730  pounds.  This  was  170  pounds  (approximately  5.9  percent)  less  than 
the  requirement. 

The  summary  hovering  performance  presented  in  Figure  No.  20, 
Section  3,  Appendix  I,  to  check  compliance  with  the  performance  guarantee, 
was  significantly  different  from  the  takeoff  power  summary  hovering 
performance  presented  in  Figure  No.  18,  Section  3,  Appendix  I.  The  dif¬ 
ference  was  due  to  the  installed  power  available  as  defined  by  the  two 
Model  Specifications,  580-A  and  580-F.  Below  critical  altitude,  the 
difference  was  due  to  the  fact  that  the  engine  output  torque  was  limited 
to  218  pound-feet  for  the  580-A,  and  to  240  pound-feet  for  the  580-E. 

Above  critical  altitude,  the  difference  was  due  to  the  difference  in  the 
power  available  between  the  two  Model  Specifications  at  the  same  limit 
turbine  outlet  temperature  (Tt 5) .  This  difference  was  larger  for  the 
higher  ambient  temperatures. 

b.  Performance 

The  hovering  performance  summaries  presented  in  Figures  No. 

18  and  19,  Section  3,  Appendix  1,  were  based  on  the  power  available  as 
defined  by  Model  Specification  580-E,  with  installation  losses  as  meas¬ 
ured  during  this  evaluation. 
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The  OGE  hovering  performance  of  the  0II-4A  under  stanJard  day 
sea  level  conditions  was  adequate,  however,  performance  deteriorated 
very  rapidly  with  increasing  ambient  temperature  as  well  as  altitude. 

The  standard  day  OGE  hovering  ceiling  at  the  overload  gross  weight  of 
2900  pounds  was  2200  feet,  but  on  a  35  degree  C  day,  the  0H-4A  would 
not  hover  OGE  at  sea  level  at  the  normal  gross  weight  of  2573  pounds. 

The  maximum  gross  weight  at  which  the  OH-4A  could  hover  OGE  at  6000 
feet  pressure  altitude  on  a  35  degree  C  day  was  1984  pounds. 

At  normal  gross  weight  (2573  pounds),  the  2  foot  skid  height 
hovering  ceiling  was  4150  feet  pressure  altitude  on  a  35  degree  C  day 
and  12, ISO  feet  on  a  standard  day.  At  overload  gross  weight  (2900 
pounds)  the  2  foot  skid  height  hovering  ceiling  was  1210  feet  pressure 
altitude  on  a  35  degree  C  day  and  8200  feet  on  a  standard  day. 

The  rapid  deterioration  of  hovering  performance  with  increas¬ 
ing  ambient  temperature  was  largely  due  to  the  rapid  decrease  in  power 
available  with  temperature  rise.  This  power  deterioration  was  consid¬ 
ered  typical  for  a  helicopter  powered  by  a  gas  turbine  engine  when 
operating  above  critical  altitude. 

Comparison  of  the  hovering  performance  deterioration  of  the 
0I1-4A  and  the  Oil-1311  illustrates  the  difference  in  power  loss  with 
increased  temperature  for  turbine  and  reciprocating  engines.  At  8000. 
feet  pressure  altitude,  above  the  critical  altitude  for  both  helicopters, 
the  maximum  gross  weight  for  OGE  hovering  of  the  0H-13H  was  2532  pounds 
on  a  standard  day  and  2340  pounds  on  a  35  degree  C  day  (See  Section  1, 
paragraph  l.lp).  The  maximum  gross  weight  for  OGE  hovering  for  the 
Oil— 4 A  was  2495  pounds  on  a  standard  day  and  1810  pounds  on  a  35  degree 
C  day  at  8000  feet  pressure  altitude.  The  Oil- 1311  OGE  hovering  capabil¬ 
ity  was  decreased  by  192  pounds  or  approximately  7.6  percent.  The  0H-4A  OGE 
hovering  capability  was  decreased  by  685  pounds  or  approximately  27.5 
percent. 


Rotor  speed  had  a  negligible  effect  upon  the  01I-4A  hovering 
performance,  but  rotor  speed  stability  while  hovering  in  gusty  winds 
was  poor.  The  changes  in  power  delivered  to  the  main  rotor  because  of 
changing  aerodynamic  loading  and  control  power  requirement  caused  the 
rotor  speed  to  vary  indiscriminately  through  a  range  of  up  to  5  rpra. 
This  variation,  however,  did  not  adversely  affect  skid  height  or  alti¬ 
tude  control. 

2.3  CLIMBS 

2.3.1  OBJECTIVE 

Climb  tests  were  conducted  to  determine  the  performance  during 
climbing  flight  and  the  service  ceiling. 


FOR  OFFICIAL  USE  ONLY 


13 


2.3.2  METHOD 


Continuous  climb  performance  tests  were  conducted  from  sea 
level  to  service  ceiling  at  two  gross  weights  using  maximum  contin¬ 
uous  power.  Takeoff  power  climbs,  for  5  minutes,  were  also  conducted 
from  sea  level  at  the  same  gross  weights.  During  the  climb,  power 
was  maintained  at  limit  engine  torque  until  an  altitude  was  reach  i  at 
which  the  limiting  turbine  outlet  temperature  was  obtained  (critical 
altitude).  As  the  climb  continued  above  this  altitude,  power  was 
adjusted  to  maintain  the  limit  turbine  outlet  temperature. 

The  continuous  climbs  were  conducted  at  gross  weights  of  2573 
pounds  (normal)  and  2900  pounds  (overload)  at  a  mid  C.G.  location 
(Station  102.0)  and  a  rotor  speed  of  394  rpm. 

In  addition,  sawtooth  climbs  at  normal  gross  weight  and  various 
power  settings  and  maximum  continuous  climbs  at  various  gross  weights 
and  maximum  continuous  power  were  conducted  to  obtain  the  power  and 
gross  weight  correction  factors. 

2.3.3  RESULTS 

The  results  of  the  climb  performance  tests  are  presented  graph¬ 
ically  in  Figures  No.  29  through  33,  Section  3,  Appendix  I. 

2.3.4  ANALYSIS 

The  clini)  performance  of  the  0H-4A  was  satisfactory.  With  a 
start  gross  weight  of  2573  pounas  on  a  standard  day  at  sea  level,  the 
service  ceiling  of  the  0H-4A  was  20,150  feet.  At  maximum  continuous 
power,  the  rate  of  climb  at  sea  level  was  1100  feet  per  minute,  increas¬ 
ing  to  a  maximum  of  1150  feet  per  minute  at  the  critical  altitude  for 
maximum  continuous  power  (3150  feet).  At  the  same  conditions,  but  using 
takeoff  power,  the  sea  level  rate  of  climb  was  1550  feet  per  minute, 
increasing  to  1575  feet  per  minute  at  the  critical  altitude  for  takeoff 
power  (2250  feet).  , 

With  a  climb  start  gross  weight  of  2900  pounds  at  sea  level  on 
a  standard  day,  the  service  ceiling  of  the  OH-4A  was  15,600  feet. 

At  maximum  continuous  power,  the  sea  level  rate  Of  climb  was  810  feet 
per  minute,  increasing  to  a  maximum  of  850  feet  per  minute  at  the 
critical  altitude  for  maximum  continuous  power  (3150  feet) .  At  the  same 
conditions,  but  using  takeoff  power,  the  sea  level  rate  of  climb  was 
1250  feet  per  minute,  increasing  to  a  maximum  of  1270  feet  per  minute 
at  the  critical  altitude  for  takeoff  power  (2250  feet). 
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The  airspeed  flown  to  obtain  the  maximum  rate  of  climb  was 
based  upon  level  flight  performance  data.  Due  to  time  limitations,  a 
complc  e  analysis  of  level  flight  data  was  not  possible  prior  to  com¬ 
pleting  the  clinb  tests,  and  the  optimum  climb-speed  schedule  was  not 
flown  in  every  ease.  Figures  No.  29  and  30,  Section  3,  Appendix  I, 
show  the  calibrated  airspeed  actually  flown  along  with  optimum  climb 
speed  schedule.  At  lower  altitudes  and  gross  weights,  maintaining  the 
airspeed  for  maximum  rate  of  climb  was  not  critical  due  to  the  relativ¬ 
ely  constant  value  of  shaft  horsepower  (SI1P)  required  in  level  flight 
at  true  airspeeds  near  the  airspeed  for  maximum  rate  of  climb.  Near 
the  service  ceilings,  the  relationship  between  SUP  required  in  level 
flight  ..r.d  true  airspeed  was  more  critical,  and  the  actual  service 
ceilings  may  be  slightly  higher  than  those  shown  in  Figures  Na  29  and 
30,  Section  3,  Appendix  I.  ^ 

Maintaining  the  selected  airspeed  during  a  climb  presented 
no  particular  problems  once  the  helicopter  was  stabilized  in  the  climb. 

However,  at  light  weight  and  high  power,  it  was  rather  difficult  to 
establish  a  stabilized  airspeed  at  low  altitudes.  Due  to  the  initial 
high  rate  of  climb,  considerable  altitude  was  gained  before  the  heli¬ 
copter  was  completely  stabilized.  It  was  found  that  the  best  method 
for  stabilizing  at  the  desired  airspeed  and  power  setting  was  to  increase 
power  at  a  rate  that  allowed  the  airspeed  to  remain  stabilized. 

2.4  LEVEL  FLIGHT 

2.4.1  OBJECTIVE 

Tests  were  conducted  in  level  flight  to  determine  the  range, 
endurance,  speed  and  power  required  of  the  01I-4A  helicopter.  Data  from 
these  tests  were  used  to  check  compliance  with  the  Military  Characteris¬ 
tics  and  to  determine  if  the  contractual  guarantees  were  met.  Tests 
were  also  conducted  to  determine  the  effect  on  performance  of  the  XM-7 
and  XM-8  weapons  system. 

2.4.2  METHOD 

Speed  power  tests  were  conducted  at  various  conditions  of  alti¬ 
tude,  gross  weight  and  rotor  speed  in  both  the  unarmed  (clean)  and 
armed  (XM-7  or  XM-8)  configurations.  Each  speed  power  was  flown  at  a 
constant  value  of  gross  weight  divided  by  density  (W/pJ  so  that  a  com¬ 
parative  analysis  could  be  made.  This  involved  increasing  altitude  as 
fuol  was  consumed.  During  the  tests,  data  were  recorded  in  stabilized 
level  flight  at  various  airspeeds  throughout  the  allowable  speed  range  * 

at  approximately  10  knot  increments  so  as  to  define  adequately  the 
particular  power  required  curve.  In  addition  to  basic  power  parameters, 
fuel  flow  data  were  also  recorded. 
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Tests  in  the  clc;»n  configuration  were  conducted  at  density  alti¬ 
tudes  of  approximately  sea  level,  5000,  10,000  and  15,000  feet.  Cross 
weights  of  approximately  2200,  2500  and  2900  pounds  were  used  at  a  mid 
center-of-gravity  (C.G.)  location  (Station  102.0).  Rotor  speeds  of 
374,  382  and  394  rpm  were  flown.  Two  additional  tests  were  conducted 
at  a  density  altitude  of  5000  feet,  a  gross  weight  of  approximately 
2400  pounds,  with  a  rotor  speed  of  394  rpm.  One  of  these  tests  was  at 
a  forward  C.G.  location  (Station  99.3)  and  the  other  at  an  aft  C.G. 
location  (Station  106.3). 

Tests  in  the  armed  configuration  were  conducted  at  density  alti¬ 
tudes  of  approximately  2000  and  6000  feet,  a  gross  weight  of  approxi¬ 
mately  2400  pounds,  a  mid  C.G.  location  and  with  a  rotor  speed  of  394 
rpm. 


2.4.3  RESULTS 

The  results  of  the  level  flight  performance  tests  are  presented 
graphically  in  Figures  No.  34  through  51,  Section  3,  Appendix  I. 

2.4.4  ANALYSIS 

a.  Guarantee 

The  0II-4A  met  the  maximum  airspeed  guarantee.  The  0II-4A 
Model  Specification  maximum  airspeed  guarantee  was  100  knots  10  per¬ 
cent  true  airspeed  for  the  conditions  of  sea  level  on  a  standard  day 
at  normal  gross  weight  (2573  pounds)  and  maximum  continuous  power  as 
defined  by  Model  Specification  580-A.  The  relationship  of  SUP  and 
specific  range  to  true  airspeed  at  these  conditions  is  presented  in  the 
plot  on  Page  17. 

The  maximum  true  airspeed  was  found  to  be  96.5  knots.  This 
exceeded  the  minimum  guarantee  (100  knots  -  10  percent)  by  6.5  knots 
true  airspoed  (KTAS)  (approximately  7.2  percent). 

Tho  Military  Characteristics,  Light  Observation  Aircraft 
required  a  cruise  speed  of  110  KTAS  at  the  same  conditions  as  above. 

The  0H-4A  failed  to  meet  this  requirement  by  a  margin  of  13.5  knots 
(approximately  12.3  percent). 
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The  0H-4A  failed  to  meet  the  endurance  mission  performance 
guarantee.  The  conditions  for  the  endurance  mission  guarantee  were 
stated  in  the  0H-4A  Model  Specification  as  presented  in  the  table  on 
Page  18. 


The  guaranteed  endurance  at  the  conditions  stated  in  Table  I, 
on  Page  18(  was  3.0  hours  ♦.  10  percent.  The  actual  endurance  of  the 
0H-4A  at  the  above  conditions  was  2.33  hours.  This  failed  to  meet  the 
minimum  guaranteed  endurance  of  2.7  hours  (3.0  hours  -  10  percent)  by 
a  margin  of  0.37  hours  (approximately  13.6  percent). 


n 
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TABLE  NO.  I 

Basic  weight  (full  oil  and  trapped  fuel) 

1596 

Pi  lot 

200 

Observer  and  cargo 

400 

Fuel  (including  1  lb  unusable  fuel) 

377 

Engine  start  gross  weight 

2573  lb 

Warm  up  and  takeoff:  3  minutes 
at  maximum  continuous  power 
at  sea  level 

Cruise  96  kt  at  sea  level 

No  fuel  reserve 

The  empty  weight  of  the  0I1-4A  was  considerably  higher  than 
originally  intendeJ.  Because  of  this,  the  amount  of  fuel  that  could  be 
carried  had  to  be  reduced  to  stay  within  the  Oii-4 A  Model  Specification 
normal  gross  weight  of  2573  pounds  (2450  pounds  ♦  5  percent).  This 
contributed  to  a  significant  decrease  in  the  range  and  endurance  capa¬ 
bility  of  the  helicopter. 


The  airspeed  specified  for  the  endurance  mission,  96  KTAS, 
did  not  represent  the  airspeed  for  maximum  range  performance.  The  air¬ 
speed  for  maximum  range  performance,  the  recommended  cruise  speed,  is 
shown  in  the  following  plot: 


P/rc  o  Gsr  i//S£  S/>£jro  vsG/ross  14 'S/GASr 

ro/r  5 /=•*£'£>  •  S94  PPM 

C  £  •'  S r/>r/0A/  /&£.  G  CM/o>) 

.  .  OTOSti 0  OA/  /ICO/SO*/  *A/G/A/£  A/O&JTc  SA'jTC/'r/C*4r/OAS  S0O  A 


\ 
b 

A  ^ 


//o< 


'o 


/O0- 


I 

5  ! 

J  s 

A  ^ 


90  * 


SO'- 


70 


to 


1 

-  -  - 

■ 

^S£A)  l£V£l 

— 

— — —  — — ■  — - 

4- 


— I*— — 

C Oct/ st  />/#sPcto  — L-.  cry/si  o/#sp**o 

C  0*77/  A/c/Ot'S  Sf/stfr 


YA 

J _ L 


22CO  2300  2400  2000 

G^roj-s  Wf/6//r-~Pot/A/os 


2*00 


FOR  OFFICIAL  USE  ONLY 


18 


At  gross  weights  greater  than  2455  pounds,  the  cruise  speed  was  limited 
by  maximum  continuous  power.  A  specific  example  of  this  condition  may 
be  seen  in  the  plot  on  page  17.  At  gross  weights  lower  than  2455  pounds, 
the  recommended  cruise  speed  was  that  airspeed  at  which  specific  range 
was  99  percent  of  its  maximum  value  for  a  specific  gross  weight.  The 
values  of  specific  range  at  the  recommended  cruise  speeds  are  shown  in 
the  following  plot: 


The  Military  Characteristics,  Light  Observation  Aircraft  (See  Part  I, 
Section  1,  paragraph  1.1a)  listed  a  requirement  for  3  hours  endurance 
with  a  400  pound  payload.  The  conditions  for  this  requirement  were 
the  sane  as  those  for  the  endurance  mission  performance  guarantee  in 
Table  I  with  the  exception  of  airspeed.  The  airspeed  for  minimum  power 
required  was  used  rather  than  the  cruise  speed  of  96  KTAS.  At  the  air¬ 
speed  for  minimum  power  required,  the  endurance  of  the  0H-4A  was  3.18 
hours,  exceeding  the  requirement  by  0.18  hours  (approximately  6.0  per¬ 
cent)  . 


A  second  endurance  requirement  of  the  Military  Characteris¬ 
tics,  Light  Observation  Aircraft  was  that  at  85  percent  cruise  power  the 
endurance  at  the  conditions  listed  in  Table  I,  with  the  exception  of 
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cruise  speed,  should  be  3  hours.  The  cruise  speed  for  this  requirement 
was  the  airspeed  obtained  at  85  percent  of  the  power  required  at  the 
recommended  cruise  speed.  The  true  airspeed  at  85  percent  cruise  power 
ranged  from  86.7  knots  at  the  start  of  the  mission  to  85.7  knots  with 
nearly  all  the  fuel  used..  The  endurance  at  85  percent  cruise  power 
was  2.55  hours.  This  was  0.45  hours  (approximately  15  percent)  below 
the  requirement. 

b.  Performance 

The  maximum  airspeed  of  the  011-4 A  was  limited  cither  by  SUP 
available  or  by  the  "never  exceed"  airspeed  (Vne)  as  defined  by  the 
01I-4A  Federal  Aviation  Agency  Type  Inspection  Authorization  (FAA  TIA) (See 
Part  I, Section  1, paragraph  l.lg).  At  density  altitudes  from  sea  level  , 

to  approximately  5000  feet,  the  limit  was  usually  SUP  available.  Above 
that  altitude,  the  limit  was  usually  Vne.  The  limit  encountered 
depended  upon  gross  weight  and  ambient  temperature  as  well  as  density 
altitude.  At  a  given  pressure  altitude  and  gross  weight,  an  increase 
in  ambient  ter  erature  would  increase  the  density  altitude,  and  thereby 
decrease  the  TIA  Vne  limit.  However,  above  critical  altitude,  an  in¬ 
crease  in  temperature  would  also  reduce  the  power  available.  The 
effect  of  increased  temperature  upon  power  available,  at  a  pressure 
altitude,  is  greater  than  the  effect  upon  the  TIA  Vne.  This  meant  that, 
at  higher  ambient  temperatures,  the  pressure  altitude  at  which  the  TIA 
Vno  limit  was  reached  first  was  higer  than  that  on  a  colder  day. 

The  level  flight  performance  tests  conducted  with  the  XM-7 
armament  system  installed  in  the  stowed  position  showed  that  the  equiv¬ 
alent  flat  plate  area  of  this  system  was  approximately  2.46  square  feet. 

With  tiiis  increase  in  drag,  the  XM-7  installation  would  reduce  the  sea 
level  standard  day  maximum  airspeed  at  normal  gross  weight  (2573)  using 
takeoff  power  from  111.5  KTAS  to  105  KTAS.  At  maximum  continuous  power, 
under  the  same  conditions,  the  maximum  true  airspeed  would  be  reduced 
from  102  knots  to  96  knots. 

The  level  flight  performance  tests  conducted  with  the  XM-8 
armament  system  installed  in  the  stowed  position  showed  that  the  equiv¬ 
alent  flat  plate  area  of  this  system  was  approximately  1.57  square  feet. 

On  a  sea  level  standard  day  at  design  gross  weight  (2573  pounds),  the 
XM-8  armament  system  reduced  the  maximum  true  airspeed  at  takeoff  power 
from  111.5  knots  to  107.5  knots.  At  maximum  continuous  power,  under 
the  same  conditions,  the  maximum  true  airspeed  would  be  reduced  from 
102  knots  to  98  knots. 

< 

Two  level  flight  tests  were  conducted  at  similar  conditions 
of  gross  weight  and  density  altitude.  In  one  case  the  helicopter  C.G. 
was  at  fuselage  Station  99.3.  In  the  second  case  the  helicopter  C.G. 
was  at  fuselage  Station  106.3.  It  was  found  that  thero  was  negligible 
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difference  in  the  SIIP  required  in  level  flight  at  these  extremes  of  C.C. 
location. 


Figure  No.  35,  Section  3,  Appendix  I,  summarizes  the  range 
performance  of  the  0H-4A.  The  airspeed  for  maximum  range  performance 
for  the  clean  configuration  at  394  rpm  was  a  constant  101  KTAS  for  all 
gross  weights  and  altitudes  tested.  The  clean  configuration  includes 
the  F.M.  homing  antennae,  but  dia  not  include  the  XM-7  or  XM-8  armament 
systems.  The  airspeed  for  maximum  range  was  not  the  recommended  cruise 
speed  in  every  case.  In  some  cases  the  Vnc  or  the  airspeed  at  maximum 
continuous  power  limited  airspeed  to  a  value  lower  than  that  for  maxi¬ 
mum  range  performance. 

The  F.M.  homing  antennae  reduced  the  range  of  the  01I-4A 
approximately  1  percent,  and  reduced  the  airspeed  for  maximum  range  from 
103  KTAS  to  101  KTAS. 

The  XM-7  armament  system  reduced  the  range  approximately  7 
percent  and  reduced  the  airspeed  for  maximum  range  from  101  KTAS  to  94 
KTAS. 


The  XM-8  armament  system  reduced  the  range  approximately 
4.5  percent  and  reduced  the  airspeed  for  maximum  range  from  101  KTAS  to 


95  KTAS. 


Figure  No.  68,  Section  3,  Appendix  I,  shows  the  vibration 
levels  for  the  OM-4A  at  one  gross  weight  and  altitude.  Vibration  levels 
were  calculated  for  the  fundamental  rotor  frequency  and  at  tho  second 
and  fourth  harmonics.  The  one  and  two-per-rotor  revolution  vibration 
levels  were  less  than  .07  g's.  The  four-per-rotor  revolution  vibration 
increased  at  both  high  and  low  speeds.  Maximum  lateral  vibration  was 
approximately  0.2  g's  at  104.5  KTAS.  Maximum  vertical  vibration  was 
approximately  0.15  g's  at  the  same  airspeed.  Qualitatively,  the  over¬ 
all  vibration  characteristics  of  the  01I-4A  were  exceptionally  good. 

During  this  evaluation,  the  0M-4A  did  hot  exhibit  any  tend¬ 
ency  to  enter  blade  stall.  In  the  envelope  flown  during  the  stability 
and  control  portion  of  this  evaluation,  there  was  no  tendency  toward 
pitch-up  or  loss  of  lateral  controllability,  the  usual  indications  of 
incipient  blade  stall  (Sec  Part  I).  No  compressibility  effects  on  the 
rotor  system  were  detected  in  the  level  flight  power  required  tests. 

The  0H-4A,  therefore,  could  effectively  use  an  increase  in  installed 
power.  Level  flight  maximum  speeds  would  be  increased  under  conditions 
where  airspeed  was  limited  by  SHP  available. 

The  droop  characteristics  of  the  0H-4A  were  unsatisfactory. 
IXiring  power  changes  the  selected  rotor  speed  changed  as  much  as  7  rpm. 
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It  is  the  combined  function  of  the  droop  compensator  cam, 
the  power  turbine  (N2)  governor  and  the  gas  producer  speed  (Ni)  fuel 
control  to  schedule  fuel  flow  to  the  engine.  This  fuel  flow  should 
meet  the  torque  output  demanded  by  the  collective  pitch  control  setting 
while  maintaining  a  nearly  constant  engine  output  speed  as  selected  by 
the  pilot. 


In  practice,  the  pilot  had  to  continually  use  the  power 
turbine  speed  selector  "beep"  switch  when  changing  collective  control 
setting.  When  increasing  airspeed  in  level  flight  from  the  airspeed 
for  minimum  power  required  to  maximum  airspeed,  the  rotor  speed  would 
decrease  approximately  3  rpm.  When  transitioning  from  a  climb  at  take¬ 
off  power  to  level  flight,  the  rotor  speed  would  increase  approximately 
4  rpm.  When  initiating  a  partial  power  descent  from  level  flight  at 
cruise  airspeeds,  as  in  approach  to  a  landing,  the  rotor  speed  would 
increase  approximately  7  rpm. 

The  shortcomiig  in  the  governing  of  rotor  speed  was  partic¬ 
ularly  significant  when  the  helicopter  was  being  controlled  from  the 
copilot  position.  There  was  no  "beep"  switch  incoxporated  in  the  co¬ 
pilot  collective  control.  The  copilot  had  to  release  one  flight  con¬ 
trol  to  activate  the  pilot's  "beep"  switch,  or  the  pilot  had  to 
activate  the  switch. 

Operation  of  the  "beep"  switch  was  satisfactory  in  the  normal 
operating  rpm  range.  However,  a  "dead  spot"  existed  at  both  extremes 
of  the  "beep"  range  (minimum  rpm  and  maximum  rpm).  This  "dead  spot" 
made  very  small  rotor  speed  adjustments  very  difficult  when  operating 
in  these  areas. 

2.5  AUTO ROTATIONAL  DESCENTS 

2.5.1  OBJECTIVES 

Testing  was  accomplished  to  determine  optimum  rotor  speeds  and 
airspeeds  for  autorotational  descents.  In  addition,  data  were  obtained 
to  allow  determination  of  rates  and  angles  of  descent  during  autorota¬ 
tion. 


2.5.2  METHOD 

Autorotational  descents  were  conducted  at  various  airspeed  and 
rotor  speed  combinations  throughout  the  allowable  ranges.  During  the 
descent,  time  and  altitude  were  recorded  so  that  rate  of  descent  cr 
be  determined. 
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A  senes  of  stabilized  descents  was  conducted  at  a  rotor 
speed  of  394  rpra  and  at  various  airspeeds  between  35  to  65  knots  cali¬ 
brated  airspeed  (KTAS).  From  these  tests  the  airspeed  for  minimum  rate 
of  descent  was  determined.  At  that  airspeed,  a  second  series  of 
descents  was  conducted  at  rotor  speeds  from  374  to  422  rpm. 

The  autorotational  descents  wero  conducted  at  density  alti¬ 
tudes  from  approximately  5000  to  10,000  feet.  Various  gross  weights 
from  2180  to  2900  pounds  were  flown  at  a  mid  center-of-gravity  (C.G.) 
location. 

2.5.3  RESULTS 

The  results  of  the  autorotational  descent  performance  tests  are 
presented  graphically  in  Figures  No.  52  through  54,  Section  3,  Appendix 
I. 


2.5.4  ANALYSIS 

The  autorotational  descent  characteristics  of  the  0H-4A  were 
satisfactory  and  typical  for  a  helicopter  of  its  size  and  weight.  The 
airspeed  for  minimum  rate  of  descent  was  48.0  KCAS.  At  this  airspeed, 
the  rate  of  descent  varied  from  1680  feet  per  minute  at  a  rotor  speed 
of  422  rpm  to  1495  feet  per  minute  at  374  rpm.  The  minimum  angle  of 
descent  at  a  density  altitude  of  5000  feet  and  rotor  speed  of  394  rpm 
was  achieved  at  72  knots  true  airspeed  (KTAS) .  Gross  weight  and  density 
altitude  had  little  effect  upon  rate  of  descent,  but  a  lower  rotor  speed 
produced  a  lower  rate  of  descent  at  a  constant  airspeed. 

Above  a  density  altitude  of  approximately  13,000  feet,  it  was 
not  possible  to  achieve  true  autorotational  flight  with  the  engine 
operating.  With  the  twist  grip  in  the  flight  idle  position  and  the 
collective  pitch  control  full  down,  the  engine  rpm  was  too  high  to  allow 
a  complete  engine-rotor  disengagement  ("needles  split"). 

Power  recoveries  from  autorotations  were  impractical  and 
unsafe  if  initiated  close  to  the  ground  (during  or  after  the  flare)  when 
operating  at  density  altitudes  in  excess  of  3000  feet.  This  maneuver 
could  be  safely  accomplished  if  throttle  application  were  initiated 
prior  to  the  flare. 

2.6  AIRSPEED  CALIBRATION 

2.6.1  OBJECTIVE 

The  objective  of  these  tests  was  to  determine  the  airspeed  posi¬ 
tion  error  for  both  the  standard  and  test  airspeed  system. 
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2.6.2  METHOD 


The  airspeed  calibration  of  the  standard  and  test  systems  was 
determined  by  using  the  ground  speed  course  method.  The  aircraft  was 
flown  over  a  measured  course  at  various  stabilized  airspeeds  on  recip¬ 
rocal  headings.  Airspeeds  from  approximately  30  to  105  knots  calibrated 
airspeed  (KCAS)  using  approximately  10  knot  increments  were  flown. 

Thrze  tests  were  conducted  at  a  density  altitude  of  1260  feet,  a  gross 
weight  of  2550  pounds,  a  mid  ccntcr-of-gravity  (C.G.)  location  (Station 
102.0)  and  a  rotor  speed  of  394  rpm. 

2.6.3  RP.SU  LTS 

The  results  of  the  airspeed  calibration  are  presented  graphically 
in  Figure  No.  67,  Section  3,  Appendix  I. 

2.6.4  ANALYSIS 

The  calibration  of  the  position  error  of  the  standard  aircraft 
airspeed  system  showed  good  agreement  with  that  presented  by  the  manu¬ 
facturer.  The  standard  system  had  no  position  error  at  approximately 
50  knots  indicated  airspeed  (KIAS).  The  position  error  varied  linearly 
from  approximately  ♦1-1/2  knots  at  28  KIAS  to  -5  knots  at  110  KI.AS. 
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SECTION  3 


APPENDICES 


APPENDIX  I  -  TEST  DATA 
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APPENDIX  II 


CENTRAL  AIRCRAFT  INFORMATION' 


Aircraft  Dimensions,  Design  Data,  FAA  Type  Inspection  Authorizat ' r 
Limitations,  height  and  Balance,  Instrumentation,  Engine  Model 
Si.-ecifii.it.  r,  s  '  >a :  c>.racic s  and  Engine  Onerarj.  r, 


1.  Sources  of  Information 


*•  • 

See  Part  I,  Section  3,  Appendix  II. 

Description  of  Aircraft  and  Systems 

2.1 

Aircraft  Design  Data 

Sec  Part  I,  Section  3, 

Appendix  11. 

2.2 

Aircraft  Systems 

2.2.1 

Electrical  System 

See  Part  I,  Section  3, 

Appendix  U. 

2.2.2 

Power  Plant 

The  T63-A-5  turbo-shaft  engine  has  a  nominal  rating  of  250 
shaft  horsepower  (SUP).  As  installed  in  tho  OM-4A,  the  engine  is 
limited  by  either  the  output  shaft  torque  or  tho  gas  producer  turbine 
outlet  temperature  (T;&) .  For  maximum  continuous  operation  these 
limits  were  204  pound-feet  torque  at  6000  rpn  (253  SHP)  or  693  degrees 
centigrate  (C)  i'ts ,  whichever  is  reached  first.  For  takeoff  power 
(maximum  of  5  minutes  continuous  operation),  these  limits  are  240 
pound- feet  torque  (275  SHP)  or  738  degrees  C. 

The  engine  is  a  free  turbine  type.  The  compressor  consists 
of  6  axial  stages  and  1  centrifugal  stage.  Compressor  speed  at  100 
percent  is  51,120  rpn.  The  combustor  section  consists  of  a  single 
chamber  into  which  a  regulated  flow  of  fuel  is  injected  to  support 
continuous  combustion.  The  power  turbine  has  2  axial  stages.  Power 
turbine  speed  at  100  percent  is  35,000  rpn.  The  high  speed  of  the 
power  turbine  is  reduced  in  the  accessory  gear  box  to  6000  rpn  for  the 
engine  output  speed.  Engine  operated  accessories  are  also  driven  from 
tho  accessory  gear  box. 

The  DP-D3  gas  turbine  fuol  control  is  pneumatically  operated 
by  compressor  discharge  air.  The  fuel  control  senses  input  froa  3 
sources.  These  sources  arc  the  pilot's  twist  grip,  the  fly-ball 
governor  connected  to  the  gas  producer,  and  the  turbine  governor. 
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In  addition,  both  altitude  condensation  and  temperature  compensation 
are  provided.  The  function  of  the  fuel  control  is  to  integrate  the 
inputs  so  that  the  power  turbine  speed  selected  by  the  pilot  is  main¬ 
tained  under  varying  load  demands. 

A  steaay-statc  "droop"  is  built  into  the  fuel  control.  This 
means  that  when  the  engine  load  is  increased  or  decreased,  the  speed 
of  the  power  turbine  will  change  slightly.  The  droop  is  required  to 
avoid  rotor-engine  dynamic  instability  and  "hunting"  during  steady- 
state  operation.  In  an  attempt  to  eliminate  some  of  tne  undesirable 
effects  of  the  droop,  a  droop  compensator  cam  is  installed  in  the 
linkage  between  the  collective  pitch  control  and  the  power  turbine 
governor.  This  cam  converts  collective  control  movement  to  an  input 
to  the  power  turbine  governor  which  anticipates  the  changing  engine 
load.  The  cam  was  designed  to  reduce  transient  droop  and  to  eliminate 
steady-state  droop  during  rapid  collective  pitch  applications, 
operation  of  this  droop  compensator,  as  installed,  was  marginally 
satisfactory  throughout  the  test  program. 

There  is  no  provision  for  emergency  control  in  the  case  of 
a  fuel  control  failure.  In  the  case  of  an  uncontrolled  ovorspeed  in 
the  power  turbine,  rotor  speed  and  eigine  power  may  be  controlled 
through  pilot  coordination  of  collective  pitch  control  and  twist  grip 
rotation  as  in  an  ungovemed  reciprocating  engine. 

2.2.5  Landing  Gear 

See  Part  I,  Section  3,  Appendix  II. 

2.2.4  Fuel  System 

Sec  Part  I,  Section  3,  Appendix  II. 

2.2.5  Control  System 

Sec  Part  I,  Section  3,  Appendix  II. 

3.0  TIA  Limitations 

See  Part  I,  Section  3,  Appendix  II. 

4.0  Weight  and  Balance 

The  test  aircraft  was  weighed  prior  to  installation  of  test 
instrumentation.  The  weighing  was  done  in  a  closed  hangar  using  an 
electronic  weighing  kit.  As  weighed,  the  aircraft  gross  weight  was 
1574  pounds  with  the  longitudinal  C.C.  located  at  Station  108.4. 


II 
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In  order  to  provide  a  basis  for  verifying  whether  the  manu¬ 
facturer '  s  helicopter  net  the  performance  guarantees,  the  empty 
weight  was  defined  to  bo  the  weight  of  0H-4A,  USA  S/N  62-4202, as 
delivered  to  the  U.  S.  Army  Aviation  Test  Activity,  with  corrections 
for  the  increase  in  weight  of  government  furnished  equipment,  and 
cor-cctions  for  items  installed  but  not  part  of  the  contract  empty 
weight  (See  Section  1,  paragraph  l.l.o).  With  these  corrections,  the 
empty  weight  used  was  1596  pounds  (full  oil  anu  trapped  fuel).  Oil 
capacity  was  9-1/2  pounds. 

The  manufacturer's  performance  guarantees  were  at  a  specified 
gross  weight.  This  weight  is  defined  as:. 


Normal  Gross  Weight  ■ 

Empty  weight  ♦  useful  load 

Empty  Weight  ■ 

1596  pounds 

Useful  Load  - 

Pilot  -  200  pounds 

Cargo  -  400  pounds 

Fuel  necessary  to  meet  normal  gross 
weight  specified  in  OII-4A  Model 
Specification,  paragraph  3.2.1  -377 
pounds 

0H-4A  Model  Specification,  paragraph  3.2.1  states  that  the 
normal  gross  woight  (performance  guarantee  weight)  shall  not  exceed  2450 
pounds  -  5  percent;  therefore,  helicopter  performance  was  calculated 
at  2573  pounds  (2450  ♦  5  percent). 

Weights  of  some  items  not  included  in  the  empty  weight, which 
may  bo  required  for  various  missions  arc  as  follows: 


Copilot  flight  controls 

8.1 

pounds 

Anti-collision  light 

4.0 

pounds 

Ground  handling  wheels 

-  32 

pounds 

XM-7  armament  system 
(full  ammunition) 

-  375 

pounds 

XM-8  armament  system 
(full  ammunition) 

-  325 

pounds 

After  installation  of  test  instrumentation,  tho  helicopter  was 
again  weighed.  The  basic  weight  (full  oil  and  trapped  fuel)  was 
1867  pounds  with  the  longitudinal  C.G.  location  at  Station  105.95. 
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5.0 


Test  Instrumentation 


The  test  instrumentation  used  during  this  evaluation  was 
supplied,  installed  and  maintained  by  the  Logistics  Division  of  the 
U.  S.  Army  Aviation  Test  Activity.  Calibration  of  the  instrumentation 
was  accomplished  by  the  Instrumentation  Branch  of  the  Air  Force  Flight 
Test  Center;  California  Division  of  Lockheed  Aircraft  Corporation; 
Douglas  Aircraft  Missile  and  Space  Division;  and  the  Logistics  Division 
of  the  U.  S.  Army  Aviation  Test  Activity. 

A  swivel  mounted  pitot-static  airsp.  cd  head  was  installed  on  a 
nose  boom  mounted  approximately  5  leet  forward  of  the  nose  of  the  heli¬ 
copter.  The  static  pressure  ports  of  this  pitot-static  hoad  were  the 
pressure  source  for  the  sensitive  altimeter  as  well  as  tho  sensitive 
boom  airspeed  indicator.  The  airspeed  position  error  for  this  installa¬ 
tion  is  shown  in  Figure  No.  67,  Section  3,  Appendix  I.  Sensitive 
instrumentation  was  installed  prior  to  initiation  of  the  test  flights 
to  measure  the  following  parameters: 

Pilot-Engineer  Panel: 

Boom  System  Airspeed 
Standard  System  Airspeed 
Boom  Altitude 
Rate  of  Climb 
Angle  of  Sideslip 
Free  Air  Temperature 
Rotor  Speed 

Gas  Producer  Speed  (Nj) 

Torquemcter  Oil  Pressure 
Turbine  Outlet  Temperature  (T^) 

Compressor  Inlet  Total  Temperature 
Compressor  Inlet  Total  Pressure 
Exhaust  Gas  Static  Pressure 
Cockpit  Absolute  Pressure 
Total  Fuel  Used 
Photo  Panel  Franc  Counter 
Oscillograph  Record  Counter 
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Photo  Panel: 


Boom  Altitude 
Tiro  of  Day 
Free  Air  Temperature 
Gas  Producer  Speed  (N'i) 

Torquemeter  Oi 1  Pressure 
Compressor  Inlet  Total  Pressure 
Compressor  Discharge  Total  Pressure 
Corbustion  Static  Pressure 
Compressor  Discharge  Temperature 
Fuel  Control  Inlet  Fuel  Temperature 
Total  Fuel  Used 
Photo  Panel  Frame  Counter 
Oscillograph  Record  Counter 

Record!.  Oscillograph: 

Gas  Producer  Speed 

Rotor  Speed 

Power  Turbine  Speed 

G~s  Producer  Control  Lever  Position 

C.u.  Vertical  Acceleration  (vibration) 

C.G.  Lateral  Acceleration  (vibration) 

Pilot's  Station  Vortical  Acceleration  (vibration) 

Pilot's  Station  Lateral  Acceleration  (vibration) 

Pilot's  Event 
Engineer's  Event 
Briuge- Balance  Voltage 

6.  Engine  Model  Specification  5S0-E  Inaccuracies 

During  the  course  of  the  performance  tests,  inaccuracies  were 

encountered  wnile  working  with  the  To3-A-S  Engine  Model  Specification 
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580-L.  The  following  information  is  presented  to  clarify  this  situ¬ 
ation. 


The  T65-A-5  Engine  Model  Specification  580-E  contains  engine 
perforr.ar.ee  data  that  do  riot  represent  an  actual  engine.  Those  data 
arc  based  primarily  on  an  uninstalled  power  available  of  206  shaft 
horsepower  (SHF)  at  oOQQ  feet  pressure  altitude,  55  degree  Fahrenheit 
(F)  ambient  temperature  and  a  sea  level  standard  day  specific  fuel 
consumption  of  .71  pou..bs  of  fuel  used  per  hour  per  SHF  at  2S0  SHF. 

The  sea  level  condition  was  a  guarantee  point  and  the  SHP  available 
at  6000  feet,  95  degrees  F,  was  a  power  condition  contained  in  an 
earlier  model  specification  (580-A) . 

In  order  to  construct  a  model  specification  for  a  new  engine, 
tests  cn  various  engine  components  (i.c. ,  compressor,  combustor, 
turjincs,  etc.)  are  conducted  by  the  manufacturer.  From  these  tests, 
the  engine  performance  is  predicted  for  various  altitudes  and  ambient 
temperatures.  As  completed  engines  are  run  and  more  information  is 
obtained,  the  predicted  performance  is  revised. 

When  the  engines  were  calibrated  for  the  LOil  flight  tost 
programs,  it  become  apparent  that  the  power  deterioration  with  increas¬ 
ing  ult.tudo  and  temperature  was  greater  than  predicted.  A  specifi- 
cat.cn  engine  that  would  just  meet  the  performance  guarantee  at  sea 
level  on  a  standard  day  would  not  produce  20o  SHF  uninstalled  at  6000 
feet  and  95  degrees  i  .  Such  an  engine  would  only  produce  199  SHP  at 
6000  feet,  95  degrees  F. 

.he  engine  calibration  test  data  showed  that  the  T63-A-5 
engine  haw  a  performance  margin  over  the  580-b  specification  values 
at  sea  level.  The  existence  of  this  sea  level  power  margin  allowed 
206  SHF  to  be  obtained  at  6000  feet,  95  degrees  F.  The  consistent 
cxistancc  of  this  margin  strengthened  the  T63  manufacturers  decision 
to  show  206  SilP  at  6000  feet,  95  degrees  F  in  the  580-E  specification. 

Prior  to  the  start  of  the  U.  S.  Army  Aviation  Test  Activity 
Engineering  Tests  on  the  LOH's,  referred  engino  performance  curves 
were  obtained  from  the  engine  manufacturer.  In  addition,  curves  of 
various  correction  factors  were  obtained.  These  curves  were  provided 
to  produce  580-E  specification  power  data.  A  limited  check  between  the 
580-u  specification  and  the  curves  provided  showed  apparent  agreement. 

As  engine  calibration  data  were  received  from  various  altitude-tempera¬ 
ture  combinations ,  the  various  parameters  were  reduced  to  referred 
values.  These  data  formed  a  single  curve,  as  they  should,  which  in¬ 
dicated  that  the  correction  factors  were  reasonable.  Later  in  the  test 
program,  a  more  detailed  check  was  made  of  the  580-E  model  specifi¬ 
cation.  This  check  revealed  that  tho  580-E  specification  did  not  con¬ 
tain  power  data  that  agreed  with  what  the  actual  engines  wero  producing. 
It  also  rcvoalod  areas  of  considerable  disagreement  between  the  580-L 
specification  and  tho  manufacturer's  referred  curvos,  whereupon  another 
correction  curve  was  furnished.  This  curve  was  to  be  used  only  when  com- 
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paring  the  model  specification  with  actual  engine  performance.  When 
this  new  curve  was  used,  there  was  st..l  disagreement,  although  not  as 
much  as  previously. 

The  manufacturer  stated  that  in  order  to  provide  a  sufficient 
power  margin  to  allow  the  T63-A-5  engine  to  be  put  into  prouuction  and 
guarantee  20o  o.iP  at  oUOO  feet  on  a  95  degree  F  day,  the  turbine  outlet 
temperature  limit  of  1360  degrees  F  (for  takeoff  power)  would  have  to 
bo  increased  to  13S0  degrees  F. 

The  engine  manufacturer  has  provided  information  substanti¬ 
ating  the  deterioration  of  power  with  increasing  ambient  temperature 
as  presented  in  this  report.  This  information  also  further  verifies 
the  hot  day  high  altitude  power  available  as  presented  in  this  report. 

From  the  discussions  with  the  manufacturer,  it  was  concluded 
that  in  order  to  present  a  technically  accurate  and  correct  picture  of 
the  LQH  performance,  the  power  deterioration  with  increasing  altitude 
and  temperature  p.z  determined  from  the  roferred  curves  would  be  used. 
These  curves  are  presented  in  Figures  No.  63  through  6b,  Section  3, 
Appendix  I  and  arc  labeled  "engine  Model  Specification  580-li." 

7.  Engine  Qncration 


During  the  first  92:15  hours  of  operation,  no  detectable 
deterioration  of  engine  performance  occurred  in  the  T63-A-5  engine  in¬ 
stalled  in  Q;i-4A  USA  S/N  62-4202.  At  the  end  of  that  period,  the  com¬ 
pressor  section  oi  the  engine  was  removed  to  incorporate  an  Engineering 
Order,  uccausc  dirt  deposits  were  found,  the  compressor  was  cleaned  at 
that  time.  Following  the  cleaning,  no  marked  improvement  of  perform¬ 
ance  was  noted.  For  nearly  all  of  the  period  prior  to  cleaning,  the 
testing  was  conducted  at  altitudes  greater  than  500  feet  above  the 
ground,  except  for  normal  takeoffs  and  landings  from  hard  surfaced  areas. 

The  compressor  of  the  engine  installed  in  the  0U-4A,  USA  S/N 
62-42w4,  required  cleaning  four  times  during  this  evaluation  so  that 
lull  power  output  coulu  be  maintained.  The  compressor  was  cleaned  at 
period  91:3$,  132:25,  140:40  and  145:15  hours  of  engine  operation. 

Each  time  cleaning  was  required,  the  preceding  3  to  4  hears 
of  operation  were  performed  under  dusty  atmospheric  conditions.  I'he 
firs,  cleaning  was  necessary  after  approximately  4  hours  of  operation 
under  conditions  in  which  fine  particals  of  dust  were  suspenued  in  tnc 
atmosphere  to  an  altitude  of  approximately  10,000  ioct,  forming  a  "haay" 
c-nditu>n.  The  last  three  cleanings  were  required  following  2  to  3 
hours  of  continuous  operation  in  hovering,  sideward  and  rearward  flight, 
in  closo  proximity  to  the  ground  at  an  unprepared  site. 
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APPEXDI X  III 


SYMBOLS  ,VND  ABBREVIATION'S 


SYMBOL 

DEFINITION 

UNIT 

TAS  (Vt) 

True  Airspeed 

Knots 

CAS  (Vc) (Veal) 

Calibrated  Airspeed 

Knots 

K  (Kt) 

9 

Knots 

Knots 

IAS 

Indicated  Airspeed 

Knots 

Vne 

Never  Exceed  Airspeed 

Knots 

Vir.ax 

Maximum  Airspeed  Attainable 

Knots 

VD 

Maximum  Permissible  Dive  Speed 

Knots 

OCE 

Out  of  Ground  Effect 

IGE 

In  Ground  Effect 

C.G. 

Center  of  Gravity 

Inches 

G'.V 

Gross  Woight 

Pounds 

RPM/rpa 

Revolutions  per  Minute 

°C 

Degrees  Centigrade 

Degrees 

°F 

Degrees  Fahrenheit 

Degrees 

SL 

Sea  Level 

o.i? 

Shaft  Horsepower 

*/D 

Rate  of  Descent 

foot 

per  minute 

R/C 

Rate  of  Climb 

feet 

por  minute 

T/C 

Tine  to  Climb 

Minutes 

Cp 

Power  Coefficient 

CT 

Thrust  Coefficient 

N’AMT 

Nautical  Air  Miles  Traveled 
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NAMPP 

Nl 

N'2 

;id 

up 

Tts  (TOT) 
o  (rbo) 


Nautical  Air  Miles  Per  Pound  of  Fuel 

Gas  Producer  Speed 

Power  Turbine  Speed 

Density  Altitude 

Pressure  Altitude 

Turbine  Outlet  Temperature 

Air  Mass  Density 


Percent  rpn 

Percent  rpm 

Feet 

Feet 

Degrees 

lb-scc*i 

fr* 
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